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Modified Control for Thermistor Operated DC Fan 

The invention consists of a low-cost variable speed temperature-controlled fan with a 
programmable response curve of temperature vs. speed. The invention modifies the input circuit 
on a variable speed "thermistor-controlled fan" to instead allow the speed to be controlled by a 
voltage source or a variable pulse-width current sink. 

An electronic package used in an HDTV Receiver was found to have different thermal 
properties based on its orientation in an instrument, and based on what features are included. The 
application needed a low-cost variable speed temperature-controlled fan with a programmable 
response "curve" to be able to compensate for the different thermal characteristics. The least 
expensive option, a thermistor controlled fan, did not allow fan speed to be modified based on 
orientation of the module in the final instrument. The proposed circuit utilizes the low cost 
"thermistor" controlled fan, but allows the temperature vs. fan speed to be programmed in the 
instrument assembly plant based on orientation. 

Commonly used low-cost variable-speed fan options are: 

1) A single-speed 2-wire fan: The fan speed is controlled by a PWM that is integrated in an 
Opamp. The variable DC voltage from the Opamp drives the power supply pin for the fan. By 
controlling the supply voltage, the speed of the fan can be varied. This method requires 
numerous parts (a PWM generator, power Opamp, etc.), and is very inefficient at low speeds 
(when the fan is operating at less than the Opamp supply voltage, the power is dissipated by the 
Opamp). It also has issues with the startup voltage; each fan vendor has a different minimum 
guaranteed startup voltage. 

2) A direct PWM drive 3-wire fan: This method is more efficient with power and parts than 
option 1) above, but is typically more expensive. A direct PWM drive 3-wire fan is $0.25 to 
$0.50 more expensive than a typical thermistor-controlled fan. 

3) A single-speed 2-wire fan can used with a PWM controller to drive a switch in series with the 
power supply leads. The PWM controls the duty cycle of the current in the fan, which regulates 
the speed. This method is cost effective and power efficient, but switching the internal control IC 
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in the fan may result in reliability problems. Most vendors do not guarantee their fan when 
operated in this manner. 

4) The most cost effective variable speed fan is a thermistor-controlled 3-wire fan. The 
disadvantage of it is that the "curve" that controls the fan speed vs. temperature is fixed by the 
thermistor. In the case of module orientation, for instance, two or more different thermistor 
characteristics are needed. There are several options to work around the problem. 

If the details of thermal conditions are known, multiple thermistors can be used with a switch to 
enable the appropriate one. One example would be to use an NPN transistor as a switch to 
enable one of the thermistors. The base of the NPN transistor could be driven from a 
microprocessor, and the micro could read an EEPROM bit to determine which switch should be 
closed. In the case of a TV, the EEPROM could be programmed by an IR Remote with a 
factory-initiated command. 

b) A second option is to build multiple versions of the module, one with thermistor type A, one 
with thermistor type B, etc. The main drawback of this configuration is the expense of building 
and stocking multiple versions of the module. In addition, this method doesn't allow the 
characteristic of the temperature vs. fan speed to be modified after the original design is 
complete. As an example, if one model has more audio power than the base unit, the ambient 
temperature in one area of the instrument might be higher which would warrant a higher fan 
speed in a different area of the instrument. 

5) This invention takes the thermistor-controlled 3-wire fan and replaces the thermistor with an 
external temperature-measuring device and controls the speed with a variable DC voltage or a 
variable current source. By replacing the traditional thermistor with a variable DC voltage or 
variable current source, an inexpensive fan can be used and the fan speed vs. ambient 
temperature curve can be programmed at any time during the development or assembly of the 
module. 

The invention takes a low-cost 3-wire "thermistor-controlled" variable speed fan and replaces the 
thermistor with a variable current source. (See Figure #1) The thermistor-controlled fan (Ul) is 
controlled by the voltage at the junction of two series resistors (Rl and Rf). The main power 
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supply for the fan in this example is 12V. The series resistors are typically connected between a 
fixed voltage supply (VI , typically 6V) and ground. The voltage at the junction of the resistors is 
fed to the input "A" of a voltage to current controller. In order to turn the rotor on the fan, a 
"rotating field" is needed through coils 1-4. This rotating field in the fan housing opposes a fixed 
magnet in the rotor of the fan. The fan speed is controlled by the peak current at the end of each 
pulse cycle of the rotating field. By controlling the voltage on the 3 rd wire of the fan, the peak 
current on each cycle can be controlled which then controls the speed of the fan. In order to vary 
the fan speed, the voltage at node "A" needs to vary based on the ambient temperature. The 
variable voltage is obtained by replacing the lower resistor Rl, with a thermistor. A thermistor is 
a resistor with a material that has a specific resistance vs. temperature characteristic. As an 
example, in our application, the resistance of the thermistor is 10K ohms at 25 degrees C and 5K 
ohms at 40 degrees C. As the temperature surrounding the thermistor increases, the resistance of 
the thermistor drops and the voltage at the center of the resistor divider drops. In the case of the 
fan controller, the fan speed is inversely proportional to the applied voltage, so as the voltage 
decreases the voltage to current converter then increases the peak current in each cycle to 
increase the fan speed. 

In option 1 (see figure 2), the fan control consists of a single resistor Rl. The resistor Rl is in 
series with an N-Channel Mosfet. The Drain of the Mosfet is connected to one end of a resistor 
and the Source is connected to ground. A PWM circuit generated in an FPGA controls the gate 
of the Mosfet. An LM77, (an UC controlled temperature measuring IC) is used to monitor the 
ambient temperature around a POD (Point Of Distribution) smart card-like device. A 
microprocessor is used to periodically read the ambient temperature from the LM77 over an IIC 
Bus, and then sends the appropriate PWM duty cycle to the FPGA based on the specified 
temperature vs. voltage table. The PWM output (typically 0-3. 3V) then controls the duty cycle 
that Ql is "on". When "on", drain to source current flows through Ql and resistor Rl is 
connected to ground. By controlling the time that the resistor is grounded, the average current 
seen by the control wire on the fan can be varied. 

To control the speed, the PWM was run from the maximum duty cycle 3 1 out of 32 steps (5 bits) 
at the gate of Ql to roughly 16 out of 32 steps (50% duty cycle). Since the maximum duty cycle 
results in the Ql being turned on almost 100% of the time, Rl appears to be continuously. In the 
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case of minimum speed, the 50% duty cycle generates an average current equivalent to roughly 
10K. By varying the duty cycle from 50 to 100% results in min to max speed. 
In testing the circuit, the min PWM value had to be controlled to prevent the peak voltage seen 
on the Drain of the Mosfet to be less than the 3.9V rating on the FPGA. With the fan we were 
using, the control pin floated to 6V when the control line was open circuit. To prevent an over 
voltage problem, a Schottky diode Dl was connected from the drain of Ql to the 3.3V supply of 
the FPGA. The diode limits the peak voltage on the Drain to 0.4V above 3.3V supply. To save 
cost, the Mosfet was an "open-drain" output of the FPGA, rather than a discrete Mosfet. 

Option 2 (see Figure 3) was developed to eliminate the diode and to allow the full range of the 
PWM to be used. It uses the same concept as Option 1, but adds a second resistor R2. R2 allows 
a minimum current to be set up which limits the maximum voltage seen by the Drain of the 
Mosfet. Rl then just controls the additional current needed to run the fan from maximum to 
minimum speed. The fan we used was specified to have a 10K impedance at 25C and 5K 
impedance at 40C. By setting R2 = 10K and Rl= 10K, we were able to linearly control the 
current in the fan control line from 10K (the PWM at 0% duty cycle) to 5K with the PWM at 
100% duty cycle. The voltage at the control input to the fan ranges from 2.9V at 10K to 1.9V at 
5K. The internal circuitry in the fan then uses this voltage variation to vary the fan from its 
minimum speed 800 RPM to its maximum speed 2000 RPM. In addition to eliminating the 
voltage problem on the Drain, Option 2 also eliminates the need to limit the range of the PWM 
since the full range is useable. 

In testing Option 1 and Option 2, it was found that the fan produced an audible noise at the PWM 
period that was somewhat modified by the duty cycle. In order to minimize this affect, the PWM 
period was kept above 20KHZ where the switching noise was not audible. 

Option 3 (see figure 4) is similar to Option 2 with the exception of the addition of CI . CI, which 
is in parallel with R2, integrates the average current through Rl in parallel with R2. This 
eliminates the time-varying signal at node "A". The main advantage to the addition of CI is the 
elimination of any frequency dependence on the PWM. The PWM can be run as slow as a few 
kilohertz without any audible noise. A typical value of CI is lOuF. 
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Option 4 (see figure 5) uses Option 3, but adds Q2. Q2 is an NPN transistor that allows the fan 
to be turned off when not needed. One of the problems with the thermistor-controlled fan design, 
it that the minimum speed of the fan is roughly half of the maximum speed. The fan speed 
cannot be reduced below 50% or turned off. To minimize noise in the application, especially 
when the set was turned off, a second transistor Q2 was added. Q2 can be any switch, and in our 
case an NPN transistor was chosen. An I/O pin on the microprocessor controls the base of the 
NPN. 

The present implementation has the microprocessor read the LM77 once every minute. The 
value is compared to a threshold that is stored in the EEPROM. If the measured temperature is 
higher than the threshold for 5 consecutive measurements, Ql is turned on and Q2 is run at 0% 
duty cycle (min speed). If the measured temperature exceeds the threshold for 2 or more 
consecutive measurement, the fan speed is increased by one PWM step. There are a total of 32 
allowable steps (5 bits) in this application, but any number could be used. In the case that the 
ambient temperature around the POD Card drops on four consecutive measurements, the fan 
speed is decreased one step. In the case that the minimum step of the fan has been reached, and 
the temperature is less than the threshold by a limit programmed in the Eeprom, the fan will be 
turned off by setting the base of Q2 low. The cycle described above continues from the time the 
software is booted until AC is removed. The ultimate goal is to have the temperature of the POD 
Card controlled to <65 C with the minimum amount of noise from the fan (which implies the 
slowest speed). 

Options 1-4 were built up and tested. Option 4 was chosen to limit the risk of any problems in 
the fan due to the time-varying waveforms in Options 1 and 2, and it allowed the fan to be turned 
off when it wasn't needed. 
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